This study presents an approach of tidal farming optimization using a numerical modelling method to simulate tidal energy extraction for 1 MW scale tidal stream devices around Jangjuk-sudo, South Korea. The utility of the approach in this research is demonstrated by optimizing the tidal farm in an idealized scenario and a more realistic case with three scenarios of 28-turbine centered tidal array (named A, B and C layouts) inside the Jangjuk-sudo. In addition, the numerical method also provides a pre-processing calculation helps the researchers to quickly determine where the best resource site is located when considering the position of the tidal stream turbine farm. From the simulation results, it is clearly seen that the net energy (or wake energy yield which includes the impacts of wake effects on power generation) extracted from the layout A is virtually equal to the estimates of speed-up energy yield (or the gross energy which is the sum of energy yield of each turbine without wake effects), up to 30.3 GWh/year.
Introduction
Together with the increasing cost of energy, tidal turbines are becoming a competitive and promising choice for renewable electricity generation. Tidal current energy is one of the best of the potential resources since: (a) its capture ability does not rely upon the large scale constructions required for tidal energy absorption, making it more environmentally friendly; (b) it is highly predictable relative to wind energy, (1) with higher rates of energy extraction possibility using smaller converters due to the 800-1000 times greater density of sea water compared to air; and (c) more importantly, tidal current energy is less vulnerable to seasonal and global climate changes than most other renewable energy sources.
Alongside these positives, there exists the potential for seabed effects, including sediment accumulation and associated ecological changes, in the lee of tidal current generators once energy harvesting begins.
Recently, the existing flow field in area of interest for tidal current turbine development using a numerical modelling approach are being examined. (2) (3) The site characterization typically seeks to assess the potential power available to hydrokinetic turbines and to understand flow features that are pertinent to the extraction ability of the available power. However, it is also well-known that the presence of turbines alters the flow fields, with implications both for the environment (4) (5) and for the power production. 
, or a research using
Regional Ocean Modelling System (ROMS) on tidal turbine power capture and impact in an idealized channel (M. Thyng et al., 2012) (8) , or tidal turbine array optimization study was done by Funke et al., 2014 (9) using the adjoint approach, and so on.
In this paper, we present an efficient approach to energy yield prediction by means of evaluating array scale interactions and the potential effects, which the array layout has on energy yield. The approach is implemented by an application of numerical modelling method. The inputs used for providing the tidal currents across a site inside Jangjuk-sudo are collected from the hydrodynamics modelling data using 
Numerical Modelling Method
The 
Where Earray is the gross energy output for the array. The following terms are also defined: tidal speed is calculated using the following formula:
Where U∞ is the axial flow speed incident on the turbine (m/s), Ct is the thrust coefficient, n is the wake decay constant, d is the downstream distance (m), and D is the rotor diameter (m).
Input Parameters

Time-averaged Energy Resource Data
The purpose of the tidal energy resource data is to inform suitable locations where devices should be installed. Two measurements of the available power are the root-mean-cube of the flow speed (URMC) in two principle directions (flood and ebb tides) at the site and the energy density as depicted in Fig. 2 About energy density map in Fig. 2(c) , the tidal energy potential is virtually distributed on the middle of the map. The data of tidal energy resource will give a quick and detailed assessment of tidal energy potential inside Jangju-sudo for tidal farming in this study. This is also an important input to select the area candidates where contain high energy density within tidal stream flow such that the best location for tidal farming may be found, and reduce the time of tidal farming process.
Interactive Inputs
Flow field data
In addition to specifying the source of the and Bahaj's works (11) , there was no significant difference among three curves of 1/7 th , 1/10 th and logarithm power laws. Table 2 Long-term resource data
Minimum depth for deployment (m) 25
Maximum depth for deployment (m) 70
Minimum tip clearance (m) 5
Maximum slope (degree) 30
Minimum lateral spacing (diameter) 2.5
Maximum longitudinal spacing (diameter) 10 Table 3 Device installation constraints 
Tidal stream device parameters
These variables concerning the description of a single tidal stream device which can be of arbitrary definition. The parameters which are usually obtained from a technology manufacturer, consist of the device geometry such as hub height, rotor diameter as well as the power performance. In this study, the turbine with 1MW output scale was taken into account and its geometry parameters are shown in Table 2 .
A further set of inputs is the geometric device constraints. These define the basic constraints such that deployment of the TECs is realistic when considering the expected energy yield of a layout. If a device fails a constraint check, the device will be switched off for the energy yield calculation. Table 3 shows the device constraints parameters used in the study. water depth at these devices, and it failed the device installation constraints as described in Table 3 and 
Results and Discussions
Wake Effects Analysis
Tidal Energy Yield Assessment
Two measurements to evaluate the energy yield capability of a farm include the net energy (or wake energy yield) of all turbines and the speed-up energy (or gross energy) as shown in Table 4 and Fig. 9 . Table   4 expresses the energy yield losses (%) due to wake effects and device installation constraints in three layouts.
This loss is calculated depending on the net energy yield (or wake energy yield) of all turbines in a farm.
According to the results in Table 4 , it is clearly seen that layout A has the lowest losses (maximum is only about 0.6% at device No. 15). To the contrary, layout B achieves the highest losses (maximum is up to nearly 10% at device No. 18), and all turbines in this farm are affected by the wake flows from the upstream turbines in both tidal directions. In layout C, the biggest losses is found at device No. 9, about 9.7%.
In Fig. 9 Fig. 9 and Table 4 are reasonable and can be explained by the analysis of wake effects and other factors as discussed above.
Conclusions
In 
